A) INTRODUCTORY. IN conformity with a statement made last year at a meeting of this Section of the Royal Society of Medicine; in compliance with expressed wishes from sundry sources, that the subject be again approached; and with a deep sense of duty and responsibility, I desire to sustain and reaffirm the position I have assumed with regard to the alleged innervation of human dentine. Lest silence on my part be misconstrued as acquiescence in the more-or-less current conception of dentinal sensitivity, I propose to discuss the pros and cons of the theory, to examine the evidence adduced to this end, and to expose, from the careful consideration and logical correlation of many points of view, the inaccuracy of the hypothesis.
methods of science as the observation of fact-including that artificial observation called experiment, comparison and classification, or the process of tying up similar facts into bundles, deduction, and verification. It has more recently been stated: [26] "It is the business of science relentlessly to determine all the evidences it uses, and not to build up vast speculations from material that will not stand the most elementary tests of stability."
The purpose of this paper is to show that the conception that dentine is sensitive by virtue of a nerve supply has been evolved from " material that will not stand the most elementary tests of stability." To deal at all adequately, on account of the exigencies of time, with the various issues involved in this [,Tune 23, 1924 fundamental and important study, is obviously quite impossible. It must suffice to rapidly pass in review some aspects of the question which seem to be particularly pertinent to this occasion.
While working as assistant in the physiological laboratory of the medical school of Charing Cross Hospital, under the direction of Sir Frederick (then Dr.) Mott, I had abundant opportunities for observing the various phases of dental histogenesis, and the minute anatomy of the teeth of man and mammals. It was noted that the pulp fibrilloblasts (then called "odontoblasts ") differed greatly in shape, size and arrangement, unlike the enamel cells where regularity in order, shape and size is a characteristic feature. On comparison with osteoblasts concerned in bone formation, it was apparent that the latter maintained a singularly even type of conformation. The only logical conclusion that could be reached was that the fibrilloblasts performed a higher function than that of generating dentine, and that the old belief that they formed matrix, sheath and fibril was erroneous.
Sir Charles Tomes subsequently came to the conclusion that this aspect of the question was true. Further investigations, spread over a number of years, confirmed the view: for there was unmistakable evidence to prove that osteoblastoid cells, and not "odontoblasts," were concerned in the direct calcification of adventitious dentines, pulp nodules, vaso-dentines, the dentine of odontomes, and even dentine itself.
This led to the assumption that the fibrilloblasts were intimately connected with the transmission of tactile and other external impulses to the sensory terminations on the pulp surface. Taking into consideration the facts that the dentinal tubes are filled in the fresh condition with lymph, the chief use of which is to keep dentine moist, that the dentinal fibrils also traverse the same tubes, that they are the processes of the fibrilloblasts, it would appear that these latter cells do, in a subordinate way, aid the lymph in its secondary function, viz., conductivity of impulses.
Original Conception of Apparent Sensitivity of Dentine.
Sir John Tomes in " A System of Dental Surgery," 1859, asserted (p. 281) that " dentine has no inherent sensibility in its own hard tissue." Again (p. 287) " that the dentine owes its sensation (sic) to the presence of the dentinal fibril cannot, I think, be readily doubted . . . It is by no means necessary to assume that the dentinal fibrils are actual nerves before allowing them the power of communicating sensation." And again (p. 281): "If the sole office of the tubes be the conveyance of nutrient fluid derived from the pulp, the difficulty of accounting for the sensation (sic) of the dentine remains, inasmuch as we have no instance of sensation being manifested in a fluid. We might seem to get out of the difficulty by assuming that the dentinal tubes are constantly filled with fluid, and that pressure made upon the fluid in the exposed ends of the tubes is felt by the pulp at their inner extremities." The concluding phrase of the foregoing, clearly and concretely furnishes the correct explanation.
The Nature of Dentine. Dentine is a connective tissue, resembling bone, in that it is non-innervated and calcified, and in this respect almost unique; but differing from bone, in that it contains no blood-vessels, and no cells. The processes of the fibrilloblasts form a component part of its structure. It is derived from the mesoderm, grows in a centripetal direction, and accords with the definition of connective tissues generally, because its cell processes are separated from one another by a large amount of intercellular -cementing substance. It is also a connective tissue in a dual sense, for it supports and connects the solid, inorganic, lifeless enamel with the living pulp. Devoid of cellular elements and a blood-circulatory system it cannot undergo inflammation, or give origin to tumours, but can and commonly does receive additions to its inner surface, either as secondary or physiological, and adventitious or pathological dentine. It is supplied extensively with lymph which, emanating in the capillaries distributed freely to the circumference of the pulp, passes into the tubes-a second distinguishing feature.
Descriptions of its origin, appearances, physical properties, chemical composition, measurements, relationships, varieties, and reactions to injury axre irrelevant to the subject engaging our present consideration. But statements about the tubes and their contents are necessary for the development of the argument.
A dentinal tube may be aptly. compared in appearance under the objective of the microscope to a leafless Lombardy poplar with trunk, boughs, branches and branchlets. In number the tubes are unevenly distributed, being more numerous in the root than in the crown, though their dimensions are greater in the latter than in the former situation. In arrangement they are generally parallel, separate from each other, acquiring as they pass radially from without inwards, primary and secondary curvatures, evidently for the conservation of space. Attaining a maximum length of 5 or 6 mm. the largest dimensions at their basal extremities average 1-7 to 5 micronstoo minute to allow the entrance of the smallest erythrocyte, but allowing enough room for the occupation of the dentinal fibril and lymph ( fig. 1) When examining a longitudinal section one plane only is seen, the impression derived from such an examination being the same as if a tree were divided in a vertical median plane. No one has ever seen, or can possibly ever see a dentinal tube in its entirety. The tubes seldom divide dichotomously, as Kolliker originally affirmed, but present the same architectural features as a tree.
Several modes of termination have been observed-in spherical or oval culs-de-sac, in the interglobular spaces, in those developmental defects called enamel " spindles." The descriptions given by various writers of their ending usually in anastomotic loops, in cementum, or in the intercolumnar substance of enamel are undoubtedly incorrect ( fig. 2 ). It is impossible for them normally to penetrate the cementum, for this tissue is developed in a centrifugal direction, that is, exactly opposite to that of dentine. Some authors have gone so far as to assert that the tubes terminate in the root in the lacunce of cementum, holding the view that normal cementum is like bone. If it is a fact, as stated by some [17] , that there exists "a chain of communication of protoplasmic material between the periodontal membrane and the pulp, as is clearly shown in a human molar in fig. 187 " (p. 290), it is a most unfortunate mistake on the part of nature, because in the case of an infected pulp, bacteria would easily and invariably gain access to the alveolo-dental periosteum via the tubes and their branches, through the granular layer of Tomes, the homogeneous layer and cementum. The intervention of the homogeneous layer of dentine, and the solid, structureless nature of normal cementum absolutely prevent the occurrence of such a disaster ( fig. 3 ).
Modern Developments of the Theory.
The middle of last century saw the beginning of the search for dentinal nerves. It started inauspiciously and continued unfruitfully for those engaged in the exploration. Boll :: ,;
.'i , lxd~~~~~~~1 1 FIG. 3.-Terminal portions of radicular tubes of human dentine; A, the granular layer of Tomes; B, homogeneous layer of dentine-solid and structlureless in normal conditions; C, cementum. Magnified 1,250 times.
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Sectionof Odontology reagent does not, per se, stain nerves. Morgenstern [15] described medullated nerves as entering the dentine in special tubes and terminating in the enamel.
These special tubes are non-existent. Romer [24] originally conceived the sensory nerve-fibres as piercing the interiors of the dentinal fibrils, which is contrary to what obtains elsewhere. Cell processes are not hollow; nerves nowhere terminate in cell processes. As mentioned in last year's paper, Romer. [25] has, however, altered his opinion, and now says: " I am doubtful about the conceptioD." Dependorf [4] described and illustrated nerve-fibres in the matrix or ground substance of dentine, totally disregarding the general principles of histology, physiology, and phylogeny.
With regard to Howard Mummery's contentions, I have reviewed them at some length elsewhere [9] . I cannot accept them nor advise their acceptance, nor are they endorsed by Hanazawa [7] or Walkhoff L28]. Why the pulpan organ which sooner or later "undergoes retrogressive metamorphoses and maintains its vitality at a low ebb . . . which is seldom capable of adjusting itself successfully to functional and organic disturbances " [8]-which, in short is a degenerate tissue-should be specially singled out as an organ containing a complex arrangement of nervous elements dissimilar to that of any other part of the body, cannot be satisfactorily explained. The lack of uniformity and agreement between these exponents of the theory is remarkable and significant, and completely shatters their main argument. The hypothesis of the innervation of the dentine can be contravened logically, cogently, and with the utmost certitude, by evidences easily adduced by studies of histology, physiology, pharmacology, pathology, comparative anatomy, ethnology, and those based on clinical knowledge and experience. Diverse as these subjects are, each clearly reveals the slender, nebulous and unstable character of the theory.
(A) Histological Evidences.-(i) The theory briefly postulates that one or more nerve-fibrils occupy each dentinal tube. As pointed out twelve months ago [8] the numbers of the tubes may vary, in different areas of dentine, between 600 in one square millimetre-a low estimate-to 37,600-a high estimate. That means there are present, at least, a like number of nerve fibrils in a square millimetre. But more than this. The statement has been further amplified, in that it is asserted that each branch of each tube contains a nerve-fibril. Thus: " These fibrils end in arborizations beneath the enamel and cementum followinig the fine branches of the dentinal tubes" [16] , and " The dentinal fibril contributes delicate protoplasmic offsets to the branches of the dentinal tubes which also contain the finer subdivisions of the neurofibrils" [171. If the branches of the tubes be counted (and there are less in the crown than elsewhere) it will be found that there may be as many as 100 or more arising from one tube. I have counted in one plane as many as forty-six in one twenty-fifth of a millimetre. Thus, taking the lower estimate, there would be 60,000 arborizing neuro-fibrils in a square millimetre, and taking the higher estimate, no fewer than 3,760,000 in a square millimetre; truly a preposterous figure. If, however, a tube be regarded as an arborescent canal then the figure would run into several hundreds from a single tube. To give anything like an adequate estimate of the average total numbers of the branches and branchlets of a single tube cannot possibly be attempted.
(ii) As just noted, the coronal tubes are less freely supplied with branches than the radicular tubes. The obvious and justifiable inference, therefore, is that the root portions of dentine must contain more nerves than the exposed coronal parts.
(iii) The lumina of the majority, if not all, of the ultimate radicular branchlets of the tubes are too minute to admit even the passage of a dentinal fibril, as well as " one or more " ultimate neuro-fibrils-diminutive and imponderable as these divisions of the axones may be. The branchlets, even under so high a magnification as 2,000 diameters, appear only as delicate threads. It is absolutely impossible for a single tube with branches and branchlets to accommodate 100 or 200 neuro-fibrils! (See fig. 4 .) (iv) Axones of nerves have never been known to terminate in naked neurofibrils or arborizations of 5 or 6 millimetres' length, which they would be required to do if they " end in arborizations beneath the enamel" [16] , for the dentine in the crown frequently attains the dimensions just named. The terminal ramifications of sensory nerve-fibres in the tactile corpuscles, in the conjunctival or peritoneal end-bulbs, in the Pacinian bodies, in the organs of Ruffini and Golgi are few in number and restricted in length. If the sensory nerves of the pulp are prolonged into the tubes and their branches, there exists a most extraordinary and unique arrangement of the nervous system, which is entirely unknown to the general histologist, passes all comprehension, and does not obtain in other parts of the bodv.
(v) As evidence in support of the theory diagrams and photomicrographs have been published, which exhibit nerve terminations in the pulp in the shape of a brush. This brush-like formation of sensory nerve termination has never been described or figured by any general histologist. Nothing similar, or even approximately similar, occurs in the highest and most complex of nervous tissue. It is not seen in the structure of cerebrum, cerebellum, medulla, cord, or the peripheral parts of the nervous system of man. A serious lack of parallelism in the published descriptions of this " brush-like " termination may be here noted. The legend under the drawing fig. 1 (Phil. Trans. B., vol. 202, plate 18), reads: " A bundle of medullated fibres . . . The axis cylinders are seen breaking up into a multitude of neuro-fibrils . . . Magnification 180." The legend under fig. 128 in the " Microscopic Anatomy of the Teeth," a very poor photomicrograph of the same section, runs: "Axis cylinder of medullated nerve expanding in a brush-like form at crown of pulp. Magnification 600" (writer's italics). The figures show identical structures, viz., a bundle of nerve-fibres more loosely separated from one another in the upper than in the lower portion: but there is an unwarrantable discrepancy in the descriptions.
(vi) It is freely admitted that the so-called "end-cells" in the pulp " are not seen elsewhere in th6 body . . . Such a mode of termination of sensory fibres in 'end-cells' is not met with in other organs " [181-a remark all the more noteworthy on account of its lack of authenticity, an admission which may be regarded as startling and subversive, and, considered per se, upsetting and demolishing the theory. In this connexion it is enough to say that, for scientific investigation, all ex parte statements must be judged on their own merits.
(vii) The indefinite character and unreality of appearance of the so-called end-cells," and the failure of reproduction by the camera of the so-called "synapses," warrant the conclusion that these so-called "end-cells" are connective tissue pulp cells, and not elements of the nervous system at all. This contention has been sustained and corroborated recently by the opinion of an eminent and widely experienced histologist and anatomist to whom the FIG. 4 .-Ultimate and penultimate branches and branchlets of the radiclular tubes of human dentine. Magnified 2,000 times. 71 1 I argument and accompanying illustrations were submitted. Also, to repeat, it is extremely unlikely, even inconceivable, that a degenerate organ like the pulp, the most important function of which is to supply dentine with lymph, would be provided with a nervous equipment wholly dissimilar from and more intricate than that found in other fields of anatomy-a mechanism highly organized and complex. The "end-cells " and "synaptic terminations " and " axone " shown in a diagram intended to clarify the conception of the innervation of the dentine remind one of the unipolar neurone which occurs in some of the lower vertebrates and invertebrates.
(viii) No published photomicrograph has demonstrated definitely and unequivocally, both dentinal fibril in continuity with the fibrilloblast, and a neurofibril as an extension of the axone of a myelinic (medullated) nerve in the same dentinal tube at one and the same time.
(ix) If nerves make synaptic connexions with "end-cells" which transmit neuro-fibrils to the dentinal tubes, more complete evidences and proofs and fuller descriptions than have yet been available, should be given, on account of the importance of the subject. One can merely explain this lack of more detail to a hesitancy on the part of the originator of the theory which amounts almost to incredulity in his own hypothesis. For, on being asked whether he had " seen the terminations of the nerve-fibres in the dentine," he replied: " I should say I was doubtful . . . I have never traced any nerve-fibres into the cementum, but I am not at all convinced that they do not pass in. It is very difficult to see them" [19] . This indecision on the part of the author is significant in the light of the illustration (there numbered fig. 3 ) which accompanies a paper read before this Society where he evidently represents what he considers to be the case.
(x) The histological evidence is undoubtedly based on misinterpretation of a certain type of artefact obtained after modification and re-modification of well known and much used and established methods and principles of staining, specially adapted to nerve elements. Not only are the dentinal tubes more or less filled to capacity at their basal embouchures-and nowhere else-with dots or " beads " or " gemmules " of varying size and shape, which are considered to represent the varicosities of true nerve-fibrils, but these " beads " are by far too numerous. Neuro-fibrils present a few" beads," the numbers of which can usually be readily estimated. Further, the "beads " in the tubes are not connected to one another by a neuro-fibril; they are mainly discrete, being by no means confined to the tubes and their branches, but visible also in countless numbers in the pulp and in or on the matrix of the dentine. In other words the socalled beads are nothing more nor less than the artefacts above-mentionedminute precipitates or granules of reduced mnetallic impregnation stains, which have, unfortunately, been misapplied to a tubular tissue like dentine.
Similar results can be obtained by the use of carmine, which has no special affinity for nerves, and cannot be regarded as a specific nerve stain.
In all the above the appearances depicted by photomicrograph or drawing are capable of a different interpretation to that which has been ascribed to them.
(B) The Physiological Evidences may be regarded as negative and positive. (i) The well established fact that the branchings of the radicular tubes of dentine are infinitely more numerous than those elsewhere has already been noted. If the supposition that each branch of each tube were penetrated by a neuro-fibril was correct, it would be equally a fact that this part of the dentine, protected normally from injury and disease by the coverings of cementum, alveolo-dental periosteum, alveolar process and gingival tissues, would be more percipient of impulses than the exposed parts; that, in short, the root would be more sensitive than the crown. But this, of course, is not so. Sensory nerves are not required here. The function of a sensory nerve is either protection, or for special purposes, but not motor or trophic. Even-if protection by the nervous system were needed, there would be no reason for an extraordinarily abundant supply of nerves.
(ii) The explanation of the existence occasionally of an apparently sensitive area of the cervical surfaces of premolars and canines--in seeming confirmation of the theory under discussion-is that, according to Thorsen [27] , in 5 to 10 per cent. of specimens he examined, there is a developmental defect of the arrangement of the three calcified tissues, in which the usual overlapping of enamel by cementum is not found, but where they fail to meet, and dentine is actually exposed. Tactile impressions and thermal changes are immediately conducted to the pulp in such circumstances by pressure on the parts and by variations of temperature respectively.
(0) Pharmacological Evidences.--The mere application of solutions of cocaine hydrochloride to exposed surfaces of normal dentine without pressure has no appreciable effect-therapeutic, obtundent or otherwise. In a private communication to the writer, Professor Hermann Prinz states:-" True local anesthrtics, i.e., cocaine or its substitutes when applied to exposed sound dentine without pressure do not produce any pharmacological effect. Even if sealed into a fairly deep-seated cavity in which the underlying dentine is not softened, no effect is obtained. . . When cocaine or its substitutes is forced into the living protoplasm of the unobstructed dentinal tubes under pressure, its anesthetic action is manifested in a few minutes. The vital resistance of protoplasm is readily overcome by comparatively slight force, which quickly transfers the aneesthetic solution, by an increased osmotic interchange, to the surface of the pulp. The phenomenon is to be explained as an anesthesia obtained by the intimate contact under pressure, either by mechanical or by electro-motive force as in cataphoresis. The pulp of a tooth may be completely desensitized by any one of the well known methods of contact pressure or that derived from a hypodermic syringe or some other more complicated apparatus, or by electricity."
It is unnecessary to do more than merely mention the fact that cocaine desensitizes the peripheral ends of sensory nerves-a fact which leads to its universal employment by ophthalmic surgeons before operating on the eye, or the rhinologist and laryngologist on nose and throat. When painted on the dorsum of the tongue, sapid substances can no longer be perceived, the effect lasting from half an hour to two and a half hours. If there were a distribution of sensory nerves to the dentine they would certainly be affected similarly to those in the cornea, conjunctiva or tastebuds.
(D) Pathological evidences negative this theory. Attrition of enamel and dentine is invariably accompanied by the formation of secondary dentine laid down by the pulp nearest the breach of surface. The condition is generally painless. There is no proof available to show that the formation of any of the varieties of adventitious dentine is associated with pressure on sensory nerve fibres. Complete calcification of the pulp may be, and in the case of non-carious mandibular incisors is, invariably unattended by any odontalgia whatsoever.
(E) The position is invalidated also by studies in comparative anatomy.
(i) Nerves have never been demonstrated in the dentines of mammals, fishes, or reptiles. Retzius [22] examined the pulps of Mus, Gobius, Gaster-osteus, Lacerta agilis, the larva of Salamander maculata and Triton cristatus; Huber [10] those of Canis familiaris, Felis domesticus and Lepus. In no instance were nerves observed entering the dentinal tubes.
(ii) The erupted parts of the persistently growing incisors of rodents are but partially covered with enamel, the remainder being exposed dentine. No evidence can be adduced to prove that this dentine is sensitive; no sections have ever been made which exhibit any trace of a nerve supply.
(iii) The attendant on the larger vertebrates in the gardens of zoological societies can and does with perfect equanimity and impunity operate when necessary on an irregularly growing tusk of elephant or hippopotamus without inflicting any pain or discomfort on the animal. Incisors are sawn or filed, and the exposed dentine is free from nervous reactions.
(F) Ethnological Evidences.-It is a well-known fact that the natives of certain parts of Africa, North, Central and South America,-Australasia, Polynesia, and Melanesia have practised even from neolithic times, and do still continue to practise the art of mutilating the teeth by chipping and filing. Testimony as to this has been given by Livingstone [13], Galton [5] Rippen [23] , and many others. In writing of the African natives, van Rippen says:-" I could safely advance the theory that mutilations are practised for reasons of adornment only. . . . After the teeth are once shaped to a point, the subject in question seems from time to time to file them in order to keep them so. This conclusion is based on the evidence that the older the subject is, the smaller his mutilated teeth are, although they are still very pointed. It seems that when the tip fractures the process is begun over again."
Werner [29] , writing on this subject, asserts: " As to the teeth, it was a standing wonder to me that the way they were treated did not ruin them entirely; but it does not seem as if chipped teeth decayed more readily than whole ones. Naturally, as most travellers have reported, natives usually have splendid teeth; though Dr. Fulleborn, in his observations on tribes at the north end of Lake Nyassa, says he found a considerable percentage of people with decayed teeth. I have come across one or two cases of toothache myself, but should say, that on the whole. there is no need to revise the general opinion. The Yaos chip the edge of the four upper front teeth into saw-like points. This is usually done to boys and girls at about 15 or 16. I never saw the operation performed, but fancy that a mallet and chisel are the instruments used. They are brought up to face the prospect, I suppose, and seem to contemplate it with more equanimity than most of us do going to the dentist. . . . A triangular gap between the two upper front teeth is made by different tribes, the Anyika of North-west Nyassa being one. . . . Some of the Makua tribes file each separate tooth to a point; this is also done by the Basenge, and I believe other tribes near the Luangwa."
No comment on the foregoing is required to indicate the impossibility of the continuance of these customs if there were sensation in the dentine.
(G) It'is unnecessary to deal at all exhaustively on this occasion with the counter-evidences and records gained daily by clinical observation and experience.
But it is important to recall several instances afforded by common knowledge in this connexion.
(i) As was pointed out last year [8]:
" It is a well-known clinical fact that the formation of carious cavities in teeth with living pulps may be absolutely unattended by pain or other subjective sensation on the part of individuals. The usual prodromata of nervous disturbances in the pulp associated with dental 'caries' are frequently entirely wanting. If nerves were present in the hard dental tissues this could not possibly occur."
(ii) Fracture of a tooth, e.g., maxillary incisor, induced by a fall, blow from a cricket ball, &c., when confined solely to the enamel-a somewhat rare contingency--is unnoticed except for cosmetic reasons. Even when dentine is exposed, pain is sometimes only experienced on conduction of thermal and chemical stimulations. When the pulp is exposed, odontalgia is at once complained of. If dentine were really innervated it would always respond immediately to the traumatic cause, as do the conjunctiva, cornea or tongue.
(iii) Operations of any kind on the dentine would be virtually impossible if it were provided with sensory nerves. The scraping of an excavator or drilling of a bur produces sensigenous impulses which are conducted to the pulp by the pressure which it exercises on thousands, probably millions, of columns of inelastic fluid, lymph, and the dentinal fibril in the tubes, branches and branchlets. A sharp instrument, like a sharp razor blade, inflicts less pain than a dull blunt instrument, not by virtue of its thin cutting edge, but because less pressure is needed to remove the softened tissue in the floor and at the sides of the carious cavity. A light touch is invariably appreciated by the patient. Heat generated by a rapidly revolving bur produces a like effect.
(iv) Several contradictory statements have been made in describing the character of the pain experienced during the excavation of a cavity: (a) " In the excavation of a carious tooth, although little pain is felt on removal of the superficial layers, when the lowest layer is raised from the healthy (sic) dentine beneath, the pain is acute " [21] . (b) " In excavating a tooth it is frequently found that deeper in the cavity less pain is experienced. . . . In certain cases excavation does not cause any appreciable pain during the whole operation. This is probably due to the action of the acid produced by the bacteria, which penetrate in varying degrees in different cavities beyond the range of bacterial infection. This acid probably first irritates and later numbs or destroys the nerve-fibres in the affected area" (" Sensation in Dentine," British Dental Journal, March 1, 1924) . This is an ingenious, but not plausible nor acceptable explanation. If sensory nerves were present in the dentine there would be no appreciable alteration of, or difference in the quality or intensity of the pain. Subjective symptoms of injury to the cornea are all alike.
(v) Any elevation or lowering of the thermal scale induces pain in the pulp of a normal tooth, conduction taking place through enamel and dentine. The application of a blast of hot air to a cavity in carious dentine results in the immediate surface dehydration not only of the dentinal matrix itself, but the drying up of the lymph in the tubes, thus reducing to some extent the lengths of the inelastic columns, and so-during excavation with an instrument -slightly reducing pressure on the anatomical threshold of the pulp. Dry dentine does not conduct physical or chemical or electrical impulses so quickly as moist dentine for the same reason. The absorbent and refrigerant properties of absolute alcohol lower the temperature of the parts, with an appreciable effect on sensation in the pulp.
(vi) Some years ago Robert Arthur [1] advocated and practised filling the teeth for removal of superficial " caries " of enamel and dentine. When alluding to the question of the likelihood of pain following exposure to the latter he wrote: "The separations, made at a period so early that they can be rendered great or slight at pleasure are rarely the cause of any serious annoyance. I have made most careful inquiry of many persons whose teeth have been preserved by the means described and the almost universal reply has been that no inconvenience is experienced from that cause." (vii) If the conception and doctrine of the innervation of dentine were founded on fact. then the current operative and therapeutic procedures in dealing with exposed dentine would be illogical, and would long ago have been revised or abandoned. If the opposite is true, there would be no need for modifications. And there has been no recorded fundamental change.
IN CONCLUSION. This is not a matter of disputing the existence of histological appearances in the basal extremities of the dentinal tubes, and on the surface of the pulp, after the use of certain technique, and adjective staining of the metallic impregnation type. But it is a matter of questioning, in research of this kind, the advisability of employing reagents and stains of a doubtful value for the elective and special demonstration of nerve tissues-which, as the advocates of these methods themselves acknowledge, are not altogether reliable so far as satisfactory results are concerned-and of drawing deductions from them. It is not difficult to "Golgify " a potato; and there are no nerves in starch! Inferences have been based on the interpretation of appearances produced by material subjected for three or more days to a temperature of 90°C. (1940 F.) ; and sections nineteen years old "which," for some extraordinary but unexplained reason "had improved by keeping!" (Preliminary note, 1911). Above all, it is on the interpretation oi the appearances produced in these and other ways, and the absence of convincing, irrefutable, collateral evidences to support the theory that criticism and scepticism rest. It is a mistake to restrict the consideration of this subject to the mere examination of microscopical material.
The subject of the so-called innervation of the dentine has hitherto been regarded by some with a limited vision.... It has been simply and incautiously adopted without confirmatory investigation or even serious attempts at confirmatory investigation, or due regard to the principles of anatomy, physiology, and, one may add, common sense. No authoritative support has been offered or supplied by extrinsic witness or endorsement based on independent impartial and reliable research and experiment, and verification. The general anatomist, general histologist, general physiologist is not fully conversant with dental anatomy and physiology. Otherwise he would revise his existing nomenclature, overhaul the inaccurate and worn-out pictorial aspects of his transcribed descriptions, and adapt his references to the dental organs to more modern and more exact methods. A new orientation and thorough re-valuation of the opposing contestant facts and fancies associated with the question are generally needed.
There are no nerves in dentine: the animal economy does not require them in this or any calcified connective tissue. There is, consequently, no sensation in dentine. There is no hypersensitivity of dentine.
DISCUSSION.
Mr. HOWARD MUMMERY said that as Professor Hopewell-Smith's paper was to so great an extent a criticism of his work he might perhaps be permitted to make a few remarks on the subject.
A very fine series of photographic enlargements of the dental tissues had been exhibited but both these and the specimens under the microscopes appeared to have no bearing on the question of the innervation of the dentine. He (Mr. Mummery) did not propose to discuss the various physiological, clinical, and other objections but to confine himself to a consideration of the histological portion of his paper.
The attempt to disprove a histological fact by considerations of this nature was an inversion of the proper order of scientific investigation: anatomical demonstration should precede, not follow, explanation of function. It was always found that when the actual structure of an organ or tissue had been demonstrated all the phenomena exhibited by such tissue were explained by the anatomy of the part. He could not, therefore, consider that the discussion of these phenomena, as subversive of the facts, was of the slightest value. It was a question of anatomy and no consideration of a theoretical or hypothetical nature could bear any weight.
Professor Hopewell-Smith said the evidence of the innervation of the dentine was unconvincing and unconfirmed. It was no doubt unconvincing to him but not to others, and it was not unconfirmed, as both Dependorf and Fritsch had shown nervefibres in the dentinal tubes. The photograph shown upon the screen did not fairly represent Dependorf's work, as the illustrations showing nerves in the dentinal tubes were not shown, but only those showing nerve-fibres crossing the matrix, this abnormal condition being considered to throw discredit on Dependorf's whole work.
Taking from the abstract a few of the histological objections the author adduced against what he was pleased to call the " theory " of the innervation of the dentine, he said in the first place that the fine branches of the tubes were less numerous in the crown than in the root. This was a statement which had been repeated from one text-book to another, but although more difficult to bring out by stains, being deeper in the substance of the dentine, they were seen in great abundance beneath the enamel when a section was suitably treated with silver niltrate. Again, he did not know on what grounds or on what authority the author limited the size of nerve-fibres. Sir Charles Tomes in his "Dental Anatomy" said, when speaking of the probability of nerve-fibres entering the dentinal tubes:-This author again stated that brush-like terminations of the i-nedullated fibres of the pulp were unknown; they had, however, been shown by him (Mr. Mummery) and others, and Professor Hopewell-Smith might have forgotten that in his " Patho-histology of the Teeth " he himself said: " In many instances the bundles 8tretch up to the 8ubodontoblast region and then very suddenly burst forth in minute scopiform strands," and he referred to the illustration in Rose and Geysi's atlas.
He (Professor Hopewell-Smith) boldly asserted that the so-called end-cells were only found in lower vertebrates and invertebrates, but as Sir Arthur Keith pointed out, the tooth was a very primitive structure formed by an involution of the ectoderm, and the nerve distribution might be also of a primitive nature resembling that in Nereis and the earthworm.
Professor Hopewell-Smith said that there was no proof of the existence of both dentinal fibril and nerve-fibre side by side in the tubes. He (Mr. Mummery) had shown them entering together.
The author, again, considered that what he (Mr. Mummery) had described as nervefibres were artefact deposits of gold or silver misinterpreted as nerve-fibres. He made this statement without having seen the preparations he was discrediting and if substantiated it would nullify the value of the nerve researches in recent years carried out by the methods of Golgi, Ranvier, Ramon y Cajal and others. He showed on the screen an example of artefacts but certainly no observer would ever mistake these blobs of carmine in the tubes as indicating structure.
Apart from metallic impregnations he (Mr. Mummery) had shown fine nerve-fibres passing into the dentinal tubes by the aniline blue and safranin method of Stroebe.
He regretted that so much of the personal element should have been brought into this question on many occasions. It was one Qf great general importance to the profession and remarks made as to improper methods of preparation and unsuitable staining which the author of this paper had so frequently made were most undesirable. Also the fact that Professor HEopewell-Smith had never seen his (Mr. Mummery's) gold preparations or expressed any wish to do so, very seriously detracted from the value of his criticisms.
Nearly ten years ago Professor Hopewell-Smith said he would leave the decision to expert histologists. When their opinion had been presented to him, however, and their confirmation of the nervous nature of the fibres had been recorded, he receded from this position and still maintained his original statements unaltered. He (Mr. Mummery) was quite content to abide by his paper and demonstration before this Section in April last and the remarks in the discussion which followed.
Mr. A. W. WELLINGS said he was one of those who believed in the innervation of the dentine. For years he had been trying to obtain convincing histological proof of what his experience in practice as a dentist had set up in his mind as an established fact, i.e., that sensation in dentine was due to direct stimulation of nerve-fibres. That this had not been demonstrated to the satisfaction of Professor Hopewell-Smith did not prove the non-existence of nerves in the dentine; rather did it suggest faulty histological technique. The matter was very difficult, as we were dealing with a combination of calcified and soft tissues, and the deposition of gold and silver was notoriously uncertain. He had, however, succeeded in making preparations which showed nerve-fibres passing across the odontoblast layer to the under surface of the dentine, which he was convinced they entered. But this latter fact was obscured, as the edge of the dentine was frequently completely black from the amount of reduction that had taken place, or at other times there might be no reduction at all. If, however, the audience was still unconvinced, he would have to refer those present to familiar chair-side phenomena. The sensitiveness of dentine at its periphery beneath the enamel was just what one would expect if all the minute terminal branches of the tubules contained nerve-fibres.
The peculiar intensity of the pain here was such that it was quite common for a patient to exclaim, "You are on the nerve ! " The dentine of some of his own teeth was more painful in this situation than the pulp itself. Was it not in keeping with nervous phenomena generally that the stimulation of a sensory nerve at its ultimate distribution should bring about a more vigorous reaction than if the stimulation were applied at some intermediate position ? If that was so, it afforded an explanation of the fact that once this spot was passed the dentine nearer the pulp was usually much less sensitive. But the effect of continued irritation on the terminal branches might be to induce in the main fibre a condition of extreme excitability, in which case the dentine would be painful right up to the pulp. The variability in sensitivity might be explained on the supposition that in some cases the nerve-fibrils were destroyed by the bacterial toxins, while in others the action of the bacterial products and the acids generated was to induce a condition of extreme irritability so that the slightest impulse would be transmitted as pain. One might here suggest that normally the fibrils of the dentine did not transmit impulses as pain. They were probably more concerned with tactile sensation which served to regulate the force exerted in the act of mastication and the rejection of unsuitable material. It was only under excessive stimulation, such as the heat of friction or when their nature was altered by exposure to the fluids of the mouth that dentine became painful. It was well known that a cavity which had been cut up one day without pain and packed with a non-adhesive temporary filling like gutta-percha, might have developed acute sensitiveness at the next visit. The vascular disturbances of the pulp, often associated with quite early stages of caries long before infection of the pulp usually took place, were more easily understood if one accepted the fact of the presence of sensory nerve-fibres in the dentine. The fifth nerve, as it was known, contained some sympathetic fibres from the cervical ganglia, and doubtless some fibres were supplied to the pulp, although they might not yet have been demonstrated; and it was possible that vaso-dilatation was induced reflexly through irritation of the sensory terminals or by way of the first collateral acting directlv on the pulp vessels, i.e., by axone-reflex. He (Mr. Wellings) was not much disturbed by the comparative evidence offered by Professor Hopewell-Smith. The difficulty of investigation was as great here as in the case of human teeth. It might be, of course, that nerves in dentine appeared only recently in the evolutionary process, confined possibly to the human species.
Mr. MONTAGU HOPSON said that whilst he had nothing but admiration for the very beautiful photomicrographs of the skillfully prepared sections shown upon the screen, he was unable to agree with the deductions Professor Hopewell-Smith drew from them as to the impossibility of nerve-fibres passing into the dentinal tubes. As he (Mr. Hopson) had definitely stated at a previous meeting of the Section, careful examination of Mr. Mummery's sections had convinced him that dentine was innervated, and nothing he had seen or heard that evening tended to alter his expressed opinion.
Mr. A. T. PITTS said that Professor Hopewell-Smith had adduced a large number of reasons to support his view that dentine was not innervated. It seemed to him that there was only one part of the paper which really mattered, and that was the statement that the microscopical appearances described by Mr. Mummery and interpreted by him as neuro-fibrils penetrating the dentine, were, in reality, artefacts. The rest of the paper had no scientific significance, for, if the sections prepared by Mr. Mummery were true representations of the anatomical distribution of the nerves of the pulp, then the various hypothetical objections against such a distribution were without validity. He (Mr. Pitts) had had many opportunities at his leisure of examining the actual sections prepared by Mr. Mummery. He had no doubt whatever that the fibrils entering the dentine, and the layer of nerve-cells, were neither artefacts nor connective tissue fibres or cells, but were what they purported to be, namely, a layer of nerve-cells from which axones passed into the dentinal tubes in company with the protoplasmic fibrils.
